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Window Frames y Window Vents and Manufacture 

thereof 

This invention relates to a window frame, to a window vent 
and to the manufacture of said frame and vent- 

Plastics window frames, both main frames and sub-frames, 
5 are generally made by cutting PVCU extrusions to length and 
jointing the lengths at the corners of the required frame, 
which is Invariably square or rectangular. 

According to one aspect of the present invention, there is 
10 provided a method of manufacturing a window frame according 
to which two partial frames of plastics material are 
produced by injection moulding, the partial frames being 
correspondingly square or rectangular and constituting 
interior-facing and exterior-facing parts of the frame, 
15 and the two partial frames are secured together to form a 
complete square or rectangular window frame. 

According to another aspect of the inventipir^there is 
provided a window frame which consists of two correspond- 
20 ingly scfuare or rectangular partial frames secured 

together, the partial frames constituting the interior- 
facing and exterior-facing parts of the frame, each 
partial frame being injection moulded of plastics material. 

25 Although the invention does not exclude main frames for 
windows and doors, these frames are required to fit into 
wall openings which, at least in the case of replacement 
windows, means that main frames may be required in a wide 
variety of sizes. The present invention^ however, is 
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more suited to the production of frames which have a 
limited number of standard sizes, as is usually the case 
with window vents. 

5 According to still another aspect of the invention, 

therefore, there is provided a method Qf manufacturing a 
window vent according to which two partial frames of 
plastics material are produced by injection moulding, the 
partial frames being correspondingly square or rectangular 
10 and constituting the interior-facing and exterior-facing 
parts of the frame of the vent, and the two partial frames 
are secured together to hold the window glass between them 
and thereby form a complete window vent. 

15 According to yet another aspect of the invention, there is 
provided a window vent which consists of two correspond- 
ingly square or rectangular partial frames secured together 
to hold the window glass between them, the partial frames 
constituting the interior-facing and exterior-facing parts 

20 of the frame, and each partial frame being injection 
moulded of plastics material. 

It will thus be appreciated that the invention, in the 
case of a window vent, provides the additional-^^vantage 
25 that the window glass is readily incorporated into the 
vent frame on assembly of its two parts. 

m all cases, however, the invention provides the 
possibility of producing a less expensive frame of 
30 improved appearance, because the steps of cutting and 

jointing frame lengths are avoided, and the finished' frame 
does not possess joint lines at the corners. 



Preferably, the injection moulded partial frames 
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produced with a weather-resistant and colour-fast skin 
and a core of foamed or solid plastics material. The 
skin may conveniently be formed of ..UPVC or acrylic 
plastics material. It is essential for this skin to 
5 be colour-fast and resistant to effects of U/V... light. 
The core may be hollow^ and filled with gas on its 
interior. This gas may be a gas with high thermal 
insulating properties. In this injection moulded frame, 
the skin provides only the required surface finish; the 
10 gas filled core imparts the required strength to the frame. 

Thus, in the injection moulding process, material for 
producing the skin is first injected into the mould, 
followed by the material for producing the core and then 
15 a gas under pressure which blows the material outwardly 
towards the walls of the mould cavity. In this way a 
dense skin is produced, enclosing a hollow gas filled 
core. 

20 Economy in production of the frames can be achieved by 
using recycled plastics material to form the core. 

The two partial frames are preferably mould ed w ith inter- 
fitting parts at which the two partial frames interengage 

25 and preferably interlock, most preferably non-separably. 
Alternatively or more usually additionally, however, the 
two partial frames may be secured together by fixing 
screws, for example passing through at least certain 
interengaging fittings. 

30 ' 

Interengaging fittings could be provided continuously 
around the partial frames, but preferably a number of 
spaced interengaging fittings, a plurality on each side 
of the frame, are produced by the moulding process. 



-4- 

In the case of a window vent, one or other of the 
partial frames may be moulded V7ith integrally formed 
hinge and/or handle and/or stay fittings. Additionally, 
a glazing wedge may be formed integrally -with one or 
5 other of the partial frames, generally the -interior 
partial frame. A separate glazing wedge may then be 
forced into position tightly to secure the window glass. 
It may also be possible to mould a semi-flexible glazing 
bead integrally with one or other of the partial frames. 

10 

A window vent in accordance with the invention is now 
described by way of example with reference to the 
accompanying drawings, in which:- 

15 Figure 1 shows a window vent in p>erspective from the 
exterior side; 

Figure 2 shows the vent from the interior side; 

20 Figure 3 is a cross-sectional view throu^and along one 
side of the vent; 

Figure 4 is a parallel cross-section through the glasing; 
and 

25 

Figure 5 is a trans\*erse cross-section through one side 
of the frame. 

Referring first to Figures 1 and 2, there is shown a 
30 window vent 10 produced in accordance with the invention. 
The illustrated vent is for convenience of a minimum 
square size. However, window vents of larger rectangular 
size can readily be made and differ only in longitudinal 
frame dimensions in respect of the features described below. 
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In the drawings. Figure 1 shows the exterior facing-side 12 
of the vent 10 and Figure 2 shows the interior-facing side 

5 The interior and exterior-facing sides of the vent frame 
are constituted by separate partial frames, as later 
described. However, referring to Figures 1 and 2, it is 
to be noted that there are no corner joints in the frame. 
The interior-facing side 14 has a face 16 (possibly curved) 

10 which slopes towards the window glazing 18; the exterior- 
facing side 12 has a face 20 which slopes towards the 
glazing 18 and a peripheral face 22 which slopes towards 
the interior-facing side. The lines 24 which appear in 
Figures 1 to 3 at the frame corners indicate the lines at 

15 which two inclined faces meet, and do not indicate joints. 
The frame in accordance with the invention does not have 
corner joints. 

Referring now to the cross-sectional view of Figures 3 and 
20 4, the exterior-facing and interior- facing sides 12 and 14 
of the frame can be seen. These exterior-facing and 
interior-facing sides are constituted by partial frames, 
to which the references 12 and 14 are now applied. The 
two partial frames 12, 14 have corresponding square or 
25 rectangular shapes and are interengaged and secured 

together, sandwiching the window glazing 18 between them, 
in order to produce the complete vent. 

Figure 3 is a longitudinal cross-section through and 
30 along one side of the two interengaged partial frames 
12, 14 and Figure 4 is a parallel cross-section through 
the glazing IB, which is considered t.ransparent. to 
enable the far side of the frame to be seen in the drawing. 
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The two partial frames 12, 14 are each made by an 
injection process in which UPVC material (or acrylic or 
other suitable plastics material which is colour-fast 
and U/V light-resistant) is first injected into the mould,' 
5 followed by a core material of any suitable plastics 

material which may be recycled plastics material, in turn 
followed by injection of gas under pressure which forces 
the injected solid material outwardly towards the walls 
of the mould, thereby to form each partial frame with a 
10 dense Skin rigidified by a gas filled core. The core 

material may be a foamed or a solid material, and the gas 
may have high thermal insulating properties. 

For reasons of clarity, the partial frames 12, 14 are 
15 shown in Figures 3 and 4 as simple hollow members. 

However, a realistic cross-section through the partial 
frames is shown in enlarged view in Figure 5. 

In Figure 5, the UPVC or similar skin is referenced 12A, 
20 14A respectively, the core 12B, 14B respectively, and the 
pressurised gas filled space within the core is referenced 
12C, 14C respectively. 

Additionally, the partial frames 12, 14 are mS^faed with 
25 fittings 26, 28 respectively, of plastics material, at 
which the two partial frames interengage. The fittings 
26, 28 are as shown in Figure 5 formed of the plastics 
material forming the skin, but this is not essential.* 
The moulding process can be carried out in such a manner 
30 that, provided the core is a solid as distinct from 

foamed material, it is the core material which produces 
the required fittings. In this connection it will be 
appreciated that the fittings are hidden in the assembled 
complete vent. 



The moulded fittings 26 on the exterior partial frame 12 
comprise box-like formations. The moulded fittings 28 
on the interior partial frame 14 comprise spaced fins 
which engage into the said box-like formations. 
5 " 

At least some of the fins 28 have integral enlarged heads 
30 which lock into recesses 31 in the walls of the box- 
like formations 26, so that the two partial frames 12^ 14 
interlock into non-separable engagement. Additionally, 

10 however, and referring specifically to Figure 4, it can be 
seen that certain interengaging fittings 26, 28 are also 
fixed together by fixing screws 32, so that in the finished 
vent 10 the two partial frames 12, 14 are completely 
immovable relative to one another and the complete unit, 

15 as seen from the interior or exterior, is virtually 
indistinguishable from a one-piece moulding. 

The interengaging fittings 26, 28 are spaced around the 
frame, with a plurality of such interengaging fittings on 
20 each side. 

In Figure 4 can also be seen glazing wedges 34 which are 
integrally moulded into the inner peripheral surface of 
the interior partial frame at the end regions of * its sides. 
25 The window glass 18 is trapped between the parts 36 and 37 
of the two partial frames when said partial frames are 
interengaged. After securing the two partial frames 12, 
14 together with the glazing 18 sandwiched between them, 
separate glazing wedges (not shown) can be driven into 
30 place to cooperate with the glazing wedges 34 and thus 
secure the glass tightly in place. 



Additionally, as again shown in Figure 4, fittings 38 for 
hinges may be integrally moiilded into the outer peripheral 



face of the exterior partial frame. Puch fittings would 
be provided only on one side of the frame, the vertical 
side in the case of a side hung vent. Analogously, 
fittings for receiving a handle and/or window stays may 
be formed by the moulding process on the opposite side of 
the frame, as indicated at 39. 

For completeness. Figure 3 also shows the way in which the 
window vent 10 abuts the main frame 40 in the closed 
position. Manufacturing the window vent by the injection 
moulding process described can enable a larger overlap to 
be obtained of the peripheral edge of the vent lO over the 
peripheral edge of the main frame 40. The illustrated 
main frame is a conventional extruded UPVC main frame, but 
it is possible for the main frame also to be produced by 
injection moulding, for example in accordance with the 
present invention. 
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Claims 

!• A method of manufacturing a window frame according 
to which two partial frames of plastics material are 
produced by injection moulding, the partial^ frames being 
correspondingly square or rectangular and constituting 
5 interior-facing and exterior-facing parts of the frame, 
and the two partial frames are secured together to form 
a complete square or rectangular window frame. 

2. A window frame which consists of two correspondingly 
10 scfuare or rectangular partial frames secured together, 
the partial frames constituting the interior-facing and 
exterior- facing parts of the frame, each partial frame 
being injection moulded of plastics material. 

15 3. A method of manufacturing a window vent according to 
which two partial frames of plastics material are 
produced by injection moulding, the partial frames being 
correspondingly square or rectangular and constituting the 
interior-facing and exterior-facing parts of the frame of 

20 the vent, and the two partial frames are secured together 
to hold the window glass between them and thereby form a 
complete window vent* 

4. A window vent which consists of two correspondingly 
25 square or rectangular partial frames secured together to 

hold the window glass between them# the partial frames 
constituting the interior- facing and exterior-facing parts 
of the frame, and each partial frame being injection 
moulded of plastics material. 

30 

5. A method, frame or vent according to any of claims 
1 to 4, wherein the injection moulded partial frames are 
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produced with a weather-resistant and colour-fast skin 
and a core of foamed or solid plastics material. 

6. A method, frame or vent according to claim 5, wherein 
5 the skin may conveniently be formed of UPVC or acrylic 

plastics material. 

7. A method, frame or vent according to claim 5 or claim 
6, wherein the skin is colour-fast and resistant to effects 

10 of U/V light. 

8. A method, frame or vent according to any of claims 5 
to 7, wherein the core is hollow and filled with gas on its 
interior. 

15 

9. A method, frame or vent according to claim 8, wherein 
the gas is a gas with high thermal insulating properties. 

10. A method according to claim 1 or claim 3, wherein, 
in the injection moulding process, material for producing 
the skin is first injected into the mould, followed by the 
material for producing the core and then a gas under 
pressure which blows the material outwardly towards the 
walls of the mould cavity, whereby to producje^^fcddense skin 

25 enclosing a hollow gas filled core. 

11. A method, according to claim 10, using recycled 
plastics material to form the core. 

30 12. A method, frame or vent according to any preceding 
claim, wherein the two partial frames are moulded with 
interf itting parts at which the two partial frames inter- 
engage . 



20 
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13. A ine-thod, frame or vent according to claim 12, wherein 
the two partial frames interlock non-separably . 

14. A method, frame or vent according to claim 12 or 

5 claim 13, wherein, additionally, the two part ial_ frames 
are secured together by fixing screws. 

15. A method, frame or vent according to claim 12 or 
claim 13 or claim 14, wherein a number of spaced inter- 

10 engaging fittings, a plurality on each side of the frame, 
are produced by the moulding process. 

16. A method or vent according to claim 3 or claim 4, 
wherein one or other of the partial frames is moulded with 

15 integrally formed hinge and /or handle and/or stay fittings. 

17. A method or vent according to claim 16, wherein, 
additionally, a glazing wedge is formed integrally with 
one or other of the partial frames, generally the interior 

20 partial frame. 

18. A method of manufacturing a window frame substantially 
as hereinbefore described. 

25 19. A window frame substantially as hereinbefore 

described with reference to the accompanying drawings. 



AmaiKhiionts to the claims have been fHed as follows 



a 

Claims 

1. A method of manufacturing a window frame according 
to which two partial frames of plastics material ^re 
produced by injection moulding, the partial frames being 
correspondingly square or rectangular and constituting 
5 interior-facing and exterior-facing parts of the frame, 
the two partial frames being moulded with fittings on 
mating faces which are interengaged to secure the two 
partial frames together to form a complete square or 
rectangular window frame within which the interengaged 
10 fittings are concealed. 

2. A window frame which consists of two correspondingly 
square or rectangular partial frames secured together, 
the partial frames constituting the interior-facing and 
15 exterior-facing parts of the frame, each partial frame 
being injection moulded of plastics material with 
concealed interengaged fittings on mating faces at which 
the partial frames are secured together. 

20 3. A method of manufacturing a window vent according to 
which two partial frames of plastics material are 
produced by injection moulding, the partial ^^hr^s being 
correspondingly square or rectangular and constituting the 
interior-facing and exterior-facing parts of the frame of 

25 the vent, the two partial frames being moulded with 

fittings on mating faces which are interengaged to secure 
the two partial frames together to hold the window glass 
between them and thereby form a complete window vent. 

30 4. A window vent which consists of two correspondingly 
square or rectangular partial frames secured together to 
hold the window glass between them, the partial frames 



constituting the interior-facing and exterior-facing parts 
of the frame, each partial frame being injection moulded 
of plastics material with concealed interengaged fittings 
on mating faces at which the partial frames are secured 
5 together, 

5. A method, frame or vent according to any of claims 
1 to 4, wherein the injection moulded partial frames are 
produced with a weather-resistant and colour-fast skin 

10 and a core of foamed or solid plastics material, 

6. A method r frame or vent according to claim 5, wherein 
the skin may conveniently be formed of UPVC or' acrylic 
plastics material. 

15 

7. A method, frame or vent according to claim 5 or claim 
6, wherein the skin is colour-fast and resistant to effects 
of U/V light. 

20 8, A method, frame or vent according to any of claims 5 
to 7, wherein the core is hollow and filled with gas on its 
interior. 

9. A method, frame or vent according to claini;=^^9ri:;^ wherein 
25 the gas is a gas with high thermal insulating properties. 

10. A method according to claim 1 or claim 3, wherein, 
in the injection moulding process, material for producing 
the skin is first injected into the mould,, followed by the 

30 • material for producing the core and then a gas under 

pressure which blows the material outwardly towards the 
walls of the mould cavity, whereby to produce a dense 
skin enclosing a hollow gas filled core. 



11. A method according to claim 10, using recycled 
plastics material to form the core. 

12. A method, frame or vent according to any of claims 
5 1 to 11, wherein the two partial frames interlock non- 

separably. 

13. A method frame or vent according to claim 12, wherein, 
additionally, the two partial frames are secured together 

10 by fixing screws. 

14. A method, frame or vent according to claim 12 or 
claim 13, wherein a numl>er of spaced interengaging 
fittings, a plurality on each side of the frame, are 

15 produced by the moulding process. 

15. A method or vent according to claim 3 or claim 4, 
wherein one or other of the partial frames is moulded with 
integrally formed hinge and/or handle and /or stay fittings. 
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16. A method or vent according to claim 15, wherein, 
additionally, a glazing wedge is formed integrally with 
one or other of the partial frames, generally the 
interior partial frame. 

17. A method of manufacturing a window frame 
substantially as hereinbefore described. 



18. A window frame substantially as hereinbefore 
described with reference to the accompanying drawings. 
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The search for technology to make hollow plastics parts has been ongoing for many years. 
In 1944, Opavsky patented a technique to inject a gas or liquid into a resin. This technique 
involved a hypodermic needle. However, the high pressures of injection molding rendered 
these early techniques unsuccessiul. Gas-assist injection molding, as we know it today, 
was developed in the early to mid 1970s. There appear to be two lines of development: one 
from early development by Friederich at Rohm in Germany that was patented in 1976 and 
another that originated from the early foam-molding industry. 

The initial development by Friederich resulted from a desire to make hollow-shaped 
bodies by using a modified injection molding process. Before the development of this 
technology, two primary means of making hollow components existed. One involved the 
bonding of two halves that had been produced by injection molding. The welding process 
could be adhesion or welding. The second means involved blow molding, either "injection 
blow** molding or extrusion blow molding. In injection blow molding, a **preform** is 
injection molded. The *prefonn* is inserted into a hollow core in which the 'preform' is 
- heated to the appropriate temperature, after which gas is introduced into die center^ 
prodiK:ing the desired shape. 

Each of these processes has drawbacks. If die components are not mirror images^ 
individual molds must be manufactured to produce each section. The combination of 
injection molding sections requires fixtures to ensure diat die components are held in the 
prop^ position until die bond is finalized. The welding iNX>cess also requires an additional 
piece of equipment such as ultrasonic or vibrational units to produce the bond. 

Ernst Friederich of Rohm GmbH in Darmstadt, Germany, was the first to invent such a 
process. The initial patent filed in Germany (Germany patent 2501314, issued 1975) stated 
the process as: 

A method for making a hollow shaped body ftom a thermoplastic resin by 
injection molding, which method con^rises injecting an amount of 
molten resin sufficient for the preparation of the hollow shaped body 
from an injection nozzle into a mold through an injection aperture in said 
mold, injecting gas under ]»es5ure dnotigh said injection nozzle and 
aperture to expand and distribute the molten resin over the interior 
surfaces of die mold, whereby said hollow shaped body is formed 
within said mold with a gas-^try opening in said boUow shaped body, 
cooling the hollow shaped resin body so formed to a temperature beneath 
the softening point of the resin, opening die interior of the hollow shaped 
body to equalize die pressure therein widi ambient pr&^Bte, and then 
opening said mold to remove said hollow shaped body (IJ. Figure 1.1 
illustrates the concept 

Potential applications stated in the "Friederich patent** were large hollow components 
such as double-paned windows, skylights, hollow glass bricks, and double-waJled lighting 
fixtures. This patent was issued in die United States, July 18, 1978, as U.S- patent 
4,101,617. The original structural foam process was developed at Uiion Carbide. One of 
die primary deterrents to expansion in applications requiring surface aesthetics was die 
swiri pattern on the surface. Continuing woric at Union Carbide to overcome this issue, 
Olabisi developed die structural web process in the late 1970s [2]. 

In the eariy 1980s, Hunerberg at Hoover Universal saw die potential for diis process 
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Figure 1.1 lAuted States Patent 4»101»617 (issued July 18, 1978X Figure 1 

and worked with Olabisi to ddq>t the original woik as a commercial process. The process^ 
commercialized in the 1980s, was relatively inactive through the late 1980s and early 
1990s. Interest has escalated in the last few years» as the interest in gas-assist injection 
moldiiig has increased. 



1.1 Development of Gas-Assist Injectioii Molding 

Outside Germany, developments on producing hollow, injection-molded components 
initially surfaced around 1980 when a number of foam molders took the next step firom 
producing cellular components to producing components that contained large hollow areas. 
As mentioned, companies such as Hoover Universal and KMMCX) in the United States and 
Peerless Foam Molders in the United Kingdom were active in developing variations of this 
technology to compliment their structural foam and to overcome the surface appearance 
issue. 

Only a few people — ^namely Jim Hendry, Inder Baxi, Eric Erikson, and Steve Jordan — 
were involved in the early work. The most notable, Jim Hendry, worked on this technology 
at KMMCX) with Baxi and Erikson in the early 1980s. Subsequently, he began consulting 
with Peerless in the United Kingdom, where he worked with Steve Jordan. Hendry 
rejoined Baxi at Sajar in the mid 1980s, where work continued on gas-assist injection 
molding. 

Peerless patented its Cinpres I (Controlled Internal Pressure Molding) process in 1983 
and began production in 1984. Mike Ladn^, president of Detroit Plastics Molding (DPM) 
became interested in this technology when he observed Cinpres being demonstrated during 
the 1986 Internationale Messe Kunststoff und Kautschuk in Dilsseldorf, Germany. In 1987, 
Ladney purchased rights to the Friederich patent that had lapsed in Europe, but not the 
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Figure 1^ Gas-assist injection molding **fanuly tree'* 

United States. At that point, Hendry began working with DPM to further develop gas-assist 
injection molding technology; as a result, GAIN Technology was formed. Figure 1.2 
illustrates the intertwined develojmieat of this technology. 

By now, a number of European companies were using this technology to produce parts, 
and die benefits were being recognized Consequently, a number of madiine manufactur- 
mg companies, including Battenfeld. Feiromatik, Stork, Engcl, and Johnson Controls, 
began developing variations of the process. 
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Figure 1^ Cbntiiiiied 

1.2 Legal Aspects 



The initial legal shot was fired in 1987, after Ladney acquired rights to the Friederich 
patent He filed a suit against Cinpres for inducing its licensees to infiinge the Friederich 
patent in the United States by using the Cinpres I technology. This provided the impetus 
for die companies involved in this technology to patent as many aspects of the technology 



^ '^•'^'^ (Refs.onp.29J 

as possible. A number of companies including Cinpres, GAIN. Johnson Controls, EPCON, 
Hettmga. and Sajar have patent coverage. Ladney and GAIN Technologies have been 
mvolved with suits and countersuits with Cinpres since 1987. Other companies, such as 
Battoifeld and tiiehr Airmould process have been peripherally involved. 

To use gas-assist injection molding, a license may be required. If so, sevoal 
options are avaUable: a patent-only license, a development Kcense, and a fall 
maaufacturmg license. A patent-only license enables the licensee to use the specific 
patents Ucenscd, but it does not include any application development support or 
ecpiipment For OEMs or molders taking the initial foray into gas-assist injectim 
molding, a development license is the first step. This ficense can be converted into a 
nul manufacturing license. 

Initially, license fees plus production royalties were the norm. In some instances, 
individual molds were licensed. However, Hcensing agreements have changed signifi- 
cant^. A variety of licensing anangements exis^ and in some cases, specific agieemaits 
can be negotiated. The best advice is to review licensing lequiiements with potential 
supphers when you assess the technology and siq>poit capabilities. 

To select the appropriate technology, it is inqxtrtant to review and understand each of 
^^S'**^*^®' *® suppliers* capabilities. All have somewhat difTerent approaches 
and difierent levels of support Some such as Cii^res have global support, wiiereas odieis 
are local. Some technologies are sptxa&c to equipment such as the multi-nozzle technoloey 
Aat IS available only on Uniloy MUacron structural foam equqiment It is recommended 
that you talk to odier people who use gas-assist injection molding technology and obtain 
meir tapat about the various aspects trf^ using this process. 



13 Overview 

fa the plastics jnocessing arena, gas-assist injection molding is a relative^ new process 
that is expenescing rapid growth. Sometimes it is incorrectly positioned as a quick-fix for 
a problem application. Although it is a variation of injection molding, it is sometimes 
confased with blow molding. This is because both processes feature parts with hoHow 
sections. One major difference between the processes is in the hollow section content of 
tt»e part Gas-assist molded parts have a much thicker wall sunoiffldfag a relatively small 
amount of hollow core. In general, gas-assist molded parts have less dian 10% wei^t 
reduction m the hoUow sections. Blow molding, on the odier hand, tm result in 80% or 
more hollow sections. 

Gas-assist mjection molding invohres the injection of a short shot of resin into fte 
cavity. When gas is introduced into the molten material, it takes die path of least resistance 
into areas of the part with low pressure and high temperature. As the gas travels through 
the part, it cores out thick sections by displacing the molten material (Fig. 13). This 
molten material fiUs out die rest of the part Afier die fifling is complete, the gas becomes 
die packing pressure, taking up die vohunettic dirinkage of the matoiaL 

TTiere are two basic types of gas-assist molding: constant volume and constant 
pressure. For die constant volume process, a cylinder of predetennined vohime is 
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F^re 13 (a) Schematic cross-sectioiial view of a gas channel, sbowiiig die fiUiQg of polymer melt and 
gas v^cre tfie thickness iiaction of skin material is defined as the ratio of polymer skin thickness to the 
half-gap thickness or radius; (b) rdation between pdymer skin thickness and gasLg^^alion length for a 
fixed pnfilled polymer volume [From Innovation in Polymer Processing: Molding, iStevonson» J^. (Ed.)] 



prepressured prior to the gas injection. A piston pushes the gas out of the cylinder into the 
part. The pressure in the part depends on the ratio of part volume to the cylinder volume. 
Gas pressure, timing, and piston speed control the profile. Figure 1.4 illustrates the 
pressure diop-off dtiring the cycle for tiie constant volume process. For each injection 
^cle, the pressure must be bitilt up prior to injection. 

The constant pressure method functions with gas compressors that build up a reservoir 
of nitrogen to a predeteraained pressure. This reservoir supplies a constant pressure to a 
series of valves. Pressure profiles are achieved by regulating the gas pressure to the valve 
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ff^re 1.4 Constant vohime system gas pressure profile [From Innovation in Polymer Processing: 
Moldings Stevenson^ J.F. (Ed.)J * 



/ 





Ffgnre 13 Constant pressure q^stem gas pressure profile [From Innovation in Polymer Processing: 
MoUtng, Stevenson, JJ?. (Bd)J * 
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Figure 1.6 Gas injection through the machine nozzle 
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Fignre 1«7 Oas injection into the polyroer stream 

and to the opening of each valve. Figure 1.5 illustrates that the gas pressure can be 
maintained throughout the molding cycle. 

There are two primary options to implement gas-assist molding. These options differ in 
the location in which the gas is injected into Ae mold Gas is injected either through the 
nozzle or directly into the mold cavity — either in the runner or directly into the part 
(Figs. 1.6, 1.7, and 1.8). The important difference is that the through-the-nozzle technique 
requires all gas charmels to begin at the nozzle. When the gas is injected directly into the 
mold, the gas channel may be designed independent of the gate location, provided that the 
proper material fill pattern is achieved pricv to gas injection. 

Figure 1.9 illustrates the process whereby the gas is injected dhectly into the mold. 
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Figure 1.8 Gas injection direct^ into tbe cavity 
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Figure 1*9 Injectkni sequence for gas injecti<m 
into mold {From Innovation in Poiymer Processing; 
A/oA/u^, Ste!vens<Mi» JJF. (Ed)] 
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Material is injected to a given volume (Fig. 1.9, Stage 1); then injection of the gas begins 
as material injection finishes (Fig. 1.9, Stage 2). The gas fills the component (Fig. 1.9, 
Stage 3), pressuring it (Fig. 1.9, Stage 4). When the material has become solid, withdrawal 
of the gas injection no22le allows the gas to be released (Fig. 1 .9, Stage 5) [3]. 

There are numerous variations on the basic gas-assist process. Two of th^ are multi* 
nozzle gas-assist injection molding and a process in which a liquid is vaporized in the 
melt, producing a gas that forms the channel. 

Multi-nozzle gas injection molding uses multiple nozzles to mold large parts for the 





Figure 1.10 Multi-nozzle gas-assist molding: (a) material is injected tfarou^ multiple nozzi^ (b) gas is 
injected tbnyagb multiple nozzles to fill out part and hold pressure, (c) gas is exhausted through one txc 
more nozzles 
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same reasons as structural foam molding. Filling large parts with more than one nozzle 
reduces the flow length, injection pressure, and cavity pressure. Multiple nozzles can also 
be used for multiple molds mounted on one common platen, or individual molds can have 
one or more gas nozzIes» depending on part size and flow length requirements. Figure 1.10 
illustrates options of multi-nozzle gas-assist molding. Figure L10(a) shows resin injection^ 
followed by gas injection in Fig. 1.10(b) and gas venting in Fig. 1.10(c). 

Molding multiple parts with different shapes and weights in a single cycle is extremely 
difiicult using single-nozzle gas-assist injection molding due to issues associated with 
unbalanced flow and fill patterns. Multiple nozzle processing can overcome these problems 
by permitting each mold cavity to be filled individually with different shot sizes and gas 
pressures* Machines have been designed and built with up to six shot sequential gas 
injection control systems [4]. This system allows up to six different molds to be installed 
on the multi-nozzle machine platen at the same time. Figure 1.11 illustrates molding a 9 kg 
(201b) part and a 2.3 kg (51b) part in the same cycle. Some cavities can have multiple 
nozzles^ whereas others have only one nozzle. The machine is programmed to deliver an 
appropriate amount of material and gas to each cavity sequentially. This technique is 
claimed to increase machine capacity by 50% or more and is used primarily <m large 
parts—parts weighing more than 2.3 kg (51b). 

HELGA (Hettinga Liquid Gas Assist) is quite different from previous methods that use 
nitrogen gas to create the diannel. Figure 1,12 illustrates this process. A portion of the 
required resin is injected into the cavity and is followed by **co-injection'* of nme lesin 
containing a proprietary liquid. Upon coming into contact with the hot melt, the liquid is 
transfonmed into a gas, creating the channel. The liquid flow is terminated, and Ae 
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Figure 1.11 Molding mult^e parts on a jnuhi-nozzic machine 
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Figure 1.12 HELGA® liquid gas-assist process: Liquid gas is injected into the mold using a special 
nozzle and then expands to form hollow cores 

injection process is completed using resin. The gas is contained within the part and 
continues to exert pressure outward on the resin minimizing sink marks. When the part 
cools, the gas deactivates and remains inactive even though the part is heated. 

The HELGA process can be applied into the article as well as through the machine 
nozzle. One advantage in some applications is the fact that there is no open hole where the 
gas is injected into the parL This is significant in applications where contact with liquid 
imy result in its getting into the part. With the other gas-assist processes, closing this 
hole(s) requires a secondary operation. 

A number of companies hold patmts on gas-assist injection molding technology. These 
patents cover a variety of techniques used to inject gas into the molten material, gas nozzle 
design, and sequencing. Table 1.1 lists the primary suppliers of this technology. It is 
recommended that you contact a number of them to review their specific technologies 
prior to deciding which approach meets your specific needs. Equipment for this technology 
is available globally. Table 1.2 lists a number of ccnnpanies that have global capability. 



Table 1.1 Gas-Assist Injection Molding Technology SuppHeis 







License 


Technology provider 


System 


requirement 


Battenfeld Airmould 


Pressure regulati<Hi modules 


No 


ClNPRESUd. 


Multi-valve capability with integral pressure 
intcn^fication 


Yes 


Epcon Gas Systems 


Multiple valve systems with integral 

intensification; optional shot control methods 


- No 


FcTTomatik Milacron 


Airpress III 


No 


Gas Injection Limited 


Pressure regulation modules; external gas-assist 


Yes 


GAIN Technologies 


Through-the-nozzle; multiple valve systems with 
stand-alone nitrogen generation 


Yes 


HELGA (Hettinga) . 


Liquid injection molding 


No 


Incoe Corporation 


External gas systems 


No 


Uniloy Milacron 


Multt-nozzle hijection molding based on 
multi-nozzle structural foam process 


No 


Nitrojection 


Multi-valve systems with intensificaticMi 
capabilities. 


Yes 
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Table 1.2 Gas-Assist Injection Molding Systems and Equipment 
Suf^liers 

Alliance Gas Systems focoe Coiporation 

Asahi Chemical Industry HeUinga (HELGA) 
(Gas Press Injection Molding, GPI)-- .. 

Battenfeld (Ainnould) HYDAC 

Bauer Gas Systems Krauss Maflei 

Cinpres Umited Mitsubishi _ . 

Engel (Gasmclt) Nitrojecdon 

FemHnatik Milacron Prdta 
(Aiipress III) 

GAIN Technologies r.f, Xopla 

Gas Injection Limited Uniloy Milacron 

1-4 Fit of Gas-Assist Injection Molding 

Where is gas-assist injection molding being used and why? The most significant advantage 
that desi^CTS see is the added stiflhess provided by the hoUow channels and sections 
without adding weight— sometimes even at lighter weight There aie two basic types of 
^s-assist ujection molded components: 

— Contained channel gas flow 

— Opm channel gas fk>w 

Contamcd channel gas flow parts consist primarily of a single thick section or channel 
through which the gas must penetrate. Examples of contained channel flow components 
are handl^, arm rests, frames, and tubes. Because the gas has a clcariy defined path 
through which to propagate and no fliin-walled sections that must remain gas flee these 
parts are nonnally the easiest to process. Figure 1.13 iUustrates both contained and open 
channel flow parts. 

Open channel parts consist ofa nominal thin waM with gas cha^ 
sunilar to traditional injection-molded ribs. Because gas may penetrate into the thin-walled 
sections of tiie part (sometimes refened to as fingering), open channel components are 
mcHie difiicult to design and process. -urs:=.-r_ 

1.5 Advantages of Gas-Assist Injection Molding 

Why is the level of interest in gas-assist injection molding so high? The primary reasons 
are that tiie **pn>mised-' advantages of this process are being delivered. Some of the 
potential benefits of gas-assist mjection molding are: 

• Reduced molded-in part stress 

• Less waipage 
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Figure 1.13 Gas channel types (open channel and closed channel): Most gas-assist parts may be divided 
into two categories as shown above 

• Reduced/eliminated sink 

• Greater desiga freedom 

• Increased parts int^ration possibilities 

• Improved surface appearance vs. foam (i.e.» reduced/eliminated finishing) 

• Hollow sections that provide: 

— Easier part filling 

— Longer material flow length 

— Higher stififoess-to-weight ratio 

• Reduc^ cycle time vs. solid sections 

• Lower clamp tonnage requirements 

• Lower injection pressures 

• Reduced tooling costs as a result of replacing hot ruimer systems with gas channels 

Gas-assist injection molding delivers the benefits. As a result, many companies are 
actively positioning new applications in this technology. As with all processes, a thorough 
assessmoQt must be made of tfie component to be manufactured, as well as its required 
features and volumes, to ensure that the most cost-effective manufacturii^ process is 
selected. F<»ce-fitting a process normally does not result in die best soluticm. 



1.6 Disadvantages of Gas-Assist Injection Mciding 

Some disadvantages must exist; odierwise, the process would have been iinplemented in a 
broader scale over a 25-year time period. The first issue is licensing. Table 1.1 lists the 
principal technology suppliers that require a license to be taken in order to employ their 
patented technologies. Although licensing scenarios are constantly changing, currently, 
Cinpres Ltd.» Gain Technologies^ and Nitrojection require a license. Equipment purchased 
for either HELGA or tfie Johnson Controls multi-nozzle process include the license. 

AnothCT issue is additional cost Even if a license is not required, process-specific 
equipment that ranges firom $30,000 to $85,000 is required. These additional costs are 
iiicurred by the molder in order to have the capability to manufacture and sell components 
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using gas-assist injection molding. Depending on the license negotiated and the volume of 
parts manufactured, this fee can range from a few cents/unit to a significant additional cost. 

Another source of added costs is the gas used in the process. Except for the HELGA 
process, nitrogen is the primary gas used due to its inert nature and plentiful supply. In the 
early stages of developing gas-assist injection mplding capability, high-pressure cylinders 
were used as the nitrogen source. Why? At this point, volumes of nitrogen used are ffliall, 
the tanks can be located close to the machine, and the cost is low. 

As the quantity of parts molded using gas-assist injection molding increases, costs» 
logistics, and safety issues associated with the nitrogen supply must by addressed. Options 
to high-pressure cylinders are liquid nitrogen in bulk cryogenic containers and on-site 
nitrogen generators. Table 1 .3 illustrates a study done by Bauer Gas Systems Inc. Based on 
using 13cfm (3601/min) of nitrogen for 24 hours/day, 7 days/week, 50 weeks/year 
operation [5]. This study showed payback fw on-site generation to be approximately 
one-half year vs. cylinder gas and just und«r 1 year vs. liquid nitrogen. The point is that 
nitrogen adds a measurable cost and can have a significant inq>act on the profitability of a 
gas-assist injection molding operatioa 

Gas nozzle design and location are potential issues. With in-article and in-runner gas 
injection, the gas nozzle location is a critical tool design function. Polymer must cover the 
gas iiozzle prior to gas introduction or blow-out will occur. Proper gas nozzle design and 
location are critical for optimum manufacturing productivity. Some nozzle designs will 
foul or plug during the gas injection or venting phase. This results in eidier maintenance or 
replacement, either of which will have a native inipact cm productivity and cost 



Table 13 Nitrogen Gas Cost Study^ Cylindayiiquid/Membrane Sc|>aiator 



Requirements: 
Nitrogen flow 
Number of iiycction points 
Nitrogen purity 

Production Sdiedule: 
I>aily 
Weekly 
Annually 



13 cfin (3601/min) 
2 
98% 

24 hours 
7 days 
40 week 
8400 hours 



Cylinder 



Liquid 



Cost iSyhour 

Cost (Sy/year 
Year 1 
Year 2 
Year 3 
Years 



(on site) 



2.89 
22J4 

189336.00 
378,672.00 
568,008.00 
946,680.00 



1.45 
1131 

95,004.00 
190,008.00 
285,012.00 
475,020.00 



1.57 
136 

89,724.00^ 
101,148.00 
112472.00 
135,420.00 



* Source: Bauer Compressors, Inc. 

Membrane Squtrator capacity 15 cfin (4251/inin) 
^ Year 1 cost includes full cost of generator, $78300. 
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1.1 Materials 



Most thermoplastic materials are enable of being used in gas-assist injection molding. 
Table 1.4 lists many of the materials used in gas-as$ist injection molding. Crystalline 
materials such as polypropylene, nylon, and polybutylene terephthalate (PBT) may have 
some advantage because they have a sharp melting point and are low in viscosity, allowing 
easy gas penetration. Material selection should be based on meeting application , 
performance requirements such as stiffness, strength, performance at use temperature, 
and chemical resistance. It has been shown that as the polymer viscosity increases, the gas 
channel wall thickness will increase. This has been demonstrated by GE Plastics for 
polycarbonate and PBT. Polymer viscosity can be varied by changing the melt temperature 
during processing. As the melt temperature increases, the viscosity decreases, decreasing 
the wall thickness of the gas channeL Most material suppliers are working with gas-assist 
injection molding. They can provide information of the use of specific materials with this 
process. 

Injection-molded thermoset materials have been shown to be capable of being used in 
the gas-assist process. Work hy Battenfeld has shown that laminar flow Oiermoset 
materials can be gas-assist molded [5]. By contrast, nonlaminar flow theiimosets have 
not been successfully molded using this tedhnology. The primary reason being that when 
nonlaminar flow materials are molded, there is very litde adhesion between melt and the 
mold cavity wall. Consequently, material at flie flow front is not distributed toward die 
cavity wall and an uncompressed, low-pressure area is formed resulting in an area of low 
resistance for the pressurized gas to flow through. Battenfeld's work with nonlaminar flow 
thermosets demonstrated that the gas does not form a bubble but instead penetrates the 
flow either directly througji the flow front or along the cavity wall/material interface. 

The suitability of a number of thermoset resins was studied. Included were phenol 
formaldehyde, urea formaldehyde, melamine fomialdehyde, melamine phenol formalde- 
hyde, unsaturated polyester, and epoxy resins. In general, fliey found that matmals 
containing inorganic fillers exhibited laminar flow, and gas-assist injection moldiiig was 
applicable. Those containing organic fillers exhibited solid/shear flow and gas-assist 

Table 1.4 Materials Used for Gas- Assist Injection Molding 

Aciylonitriic butadiene styrene (ABS) Polyethylene terephthalate (PET), 

Aciylonttrile butadiene styrene^lycafbonate glass-reinfoiced 

(ABS^) Modined polyphenyleoe ellier or modified 

Acetal polyphenylene oxide (M-PPE or M-PPO) 

Hi-Impact Polystyrene (HIPS) Polypropylene (glass and mineral grades) 

Polyamide (nylon) Polystyrene 

(unfilled and glass-filled grades) Polysulfone 

Polybutylene terephthalate (PBT) Polyvinyl chloride (PVQ 

(glass-reinforced grades) Syndiotactic polystyiaie (SPS) 

Polycaibonate 

Polyetherimide 

Polyethylene (HDPE) 
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injection molding was not applicable. If you plan to use gas-assist injection molding with a 
thennoset material, it is strongly recommended that you use a prototype tool to assess the 
compatibility of the material to the process (6]. 

In addition to weight savings and reduced molding pressures, the potential to reduce 
flash was found to be a significant benefit of the application of gas-assist injection molding 
to thennoset materials. Although it has been demonstrated, few any commeicial 
applications of gas-assist injection molding using thermoset materials are known. 



1.8 Design Considerations 

optimizing part design for gas-assist injection molding should focus on three objectives: 

• Channel layout optimization 

• Channel sizing with respect to the part 

• Balancing the polymor fill pattem 

Gas diannel layout within a cavity involves defining locations for both the gas nozzle and 
channels relative to the locati<m of the polymer entry into the mold* The gas bubble will 
follow the **path of least resistance," that is flie path with the lowest pressure^ which is 
Qincally the highest tenq>eratuie. A diannel or thicker section of a part will usually be of 
higher teiiq)eiatuie than thinner areas due to the laiger mass of polymer. The legion of die 
lowest pressure will typically be in the area of the part that has the least amount of 
packing. As a result, to induce the gas bubble to proceed in the desired path, it is essential 
to control the resin-fiUing pattem so diat tfie lowest pressure in die cavity mists near lite 
end of each diannel, after the short shot is delivered into the mold. This pressure 
differential will effectively draw the gas bubble through the channel, pushing tihe 
di^laced polymer into the unfilled portion of the mold. 

Another consideration in gas diannel layout is to avoid closed loop channels. Closed 
loop channels will resuh in slugs of matmal in die section of the diannel wheie the gas 
bubbles conveige (Fig. 1.14). 




Flgnre 1.14 Closed loop gas diannels 
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Gas channel size typically begins at a minimum of 2 : 1 to 2.5 : 1 ratio of channel 
dimension to nominal wall as a lower limit. The upper limit depends on the geometry of 
the specific part and the location of the channel within the part. Large channels relative to 
the surrounding wall section may result in race tracking, wiiich leaves the adjacent thin 
wall section unfilled. Figure 1.15 provides examples of typical gas channel geometry. 

Inappropriate gas chaimel sizing results in several problems uniquely associated with 
gas-assist injection molding: melt front freeze-off, fingering into the thin wall areas, or gas 
blow-out Freeze-off occurs when the gas pressure is insufficient to push the polymer^ 
through the available wall section. Because gas pressures are much lower than con- 
ventional injection molding packing pressures, flow lengths through thin channels are 
relatively short. If the last areas to fill are not near the end of the gas channel, fineeze-off is 
not unusual. 

Gas fingering typically results when lower cavity pressures are present outside the 
channel (i.e., when the path of least resistance is outside the channel). Additional 
causes of fingering can be high melt temperature and early gas injection into the 
part. 

Gas blow-out occurs when the gas bubble propagates through the melt front prior to 
complete filling of the part Thore are two primazy causes of gas blow-out: when ihe short 
shot of polymer is insufficient to fill the cavity and when the gas is injected into &e i>art 
prematurely. 

Balancing the polymer fill within the cavity is necessary when several channels are 
involved or when channels diverge within the cavity. During pnmaiy gas penetration, the 
gas bubble displaces polymer widiin die gas channels to an unfilled area in the cavity. 
Thus, for parts with multiple gas channels, it is necessary to balance the filling of the gas 
channels. If some gas chaxmels fill sooner than others, poor gas praetiation in these 
diannels will result One way filling can be properly balanced is by sizing the gas 
channels. For example, gas channels near the gate would be smaller because fiiey typically 
fill first, and the gas channels farthest from the gate should be the largest in order to 




Figure 1.15 Typical gas channel geometries [From Innovation in Polymer Processing Moldings 
Stevenson, J.F. (Ed.)] 
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1.16 Comer thinning design [From Innovation in Polymer Jtocessing: MoUing, Stevensan. JJ. 



balance filling. A mold-filling analysis can be used in assessing filling patterns in oider to 
balance flow prior to cutting the mold. 

How around cmners of a gas-assist injection molded part must be considered in the 
design phase to prevent thin inside comers. Gas traveling dnou^ a curved channel tends 
to foUow the shortest path through the comer. This means that the bubble wiU stay to the 
mside of the comer resulting in an uneven wall fliickness. To avtnd tfiinner waU sectiims 
^ the made of oomeis, use as generous a radius on the gas diannels as possible 
(Fig. I.Io). 

Parts requiring inweased strength or rigidity can be improved hy adding ribs to die gas 
channels or to the nominal wall [7, 8J. A rib is more efiSdent than gas channels in adding 
structure to the pan and will not contribute to the flow leader eflect tiie vny laxsa 
channels will. A rib and channel may be combined to produce tiie benefits of i>otfa. Ribs on 
top of gas channels add greater benefit than traditional ribs because flieir diickness can be a 
fall 100% of the nominal walL Figure 1.17 iUustrates the addition of ribs to gas channels 
for increased stiffiiess. 
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Figure 1.17 Typical rib gas channel geometries 
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F^rc 1.18 Hennan Miller Aveon chair molded using die HELGA process [From Infection Aft^ding 
Alternatives, Avery, J. (1998)] 



1.9 Applications 

Initial applications in gas-assist injection molding were primarily handles, tables, and lawn 
chairs. As the technology developed and sophisticated design techniques were applied to 
gas-assist injection molding, the variety and complexity of applications increased. Figure 
1.18 illustrates the evolution of the lawn chair to the Herman Miller Aveon chair 
introduced using the HELGA process. Currently parts ranging from 30 g (1 oz) to 18 kg 
(40 lb) of material are being manufactured using gas-assist injection molding. The reasons 
for using this technique are quite different for small parts. Here, tolerance control and 
waxpage reduction could be driving factors. An important consideration for very small 
components is that payback on the system investment will be dif&cul^ however^ as in most 
cases, weight savings and cycle time reduction will not amortize &is cost. 

The Chrysler 1995'>4 minivan exterior door handle, illustrated in Fig. 1.19, is an 
example of an extension of an early application. The handle/bezels are produced in nylon 6 
using Battenfeld's Airmould process. Compared to the benchmaxked zinc die-cast model, 
the number of ccmponents in the door assembly was reduced fix>m 22 to 14, the handle 
unit cost was reduced by $1.30, for an amiual $3 million savings* The wei^ per car was 
reduced by 0.75 kg (1 .5 lb). 

An excellent example of the value of using gas-assist injection molding is ttie Delphi 
Interior & Lighting Systems* one-piece door module (Fig. 1.20). This module consolidates 
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V^,l^9m^ ****** * ^ '^"^ /"/feertiw iMWa&« AUematives, 

as many as 61 pails (window regulator back plate, wire harness attacbments. annrest 
fflW<w«s, and qieaker mountsX whidi were previously made nutstitedpf metal and leouired 
assonbly. 

Delphi estimates that total system costs with the "Siqier Plug** are 5 to 10% loww 
Aan similar door components while die module is about 1.7 kg (3.3 lb) Hghter p« door 
The consolidated component also reduces vehicle assembly time, lowers operating noise, 
limits corrosion, and enhances let^clability (9J. 

Kgure 1.21 illustrates the unit in usc^ as it is on GM's 1997 minivan series, including 
Oie Chevrolet Venture, Pontiac -ftans Sport. Oldsmobile Silhouette, and OpeWauxhall 
Sinlra, as wdl as on GM's retooled Chevrolet Malibu and Oldsmobile Cutlass. 

Figures 1.22 throu^ 1.24 illustrate several other applications that enmloy gas-assist 
mjection molding. Chapter 7 details a wide nmge of components that are mamiiactured 
using a variety of ^s-assist injection molding techniques. 
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Figure 1.21 Delphi Interior & lighting Systems door module in place [From it^ecHpn Molding 
Alternatives, Aveiy, J. (199S)] 




Figure 1^ CRT bezel [From Injection Molding Altemaiives. Aveiy, J. (1998)] (Courtesy of Sajar 
Plastics) 



1.10 Tooling 

Gas-assist injection molding is a variation of injection molding. As a result, molds for this 
process are very similar to those for standard injection molding. Materials are basically the 
same. Machined tool steel should be used for those ai^lications requiring high-volume 
producti€»i» tight tolerances and good aesthetics. For medium- to low-volume a]yplications, 
machined aluminum can also be used. 

When designing the mold, it is important to know whether a thiough-the-machine 
nozzle» in-runner, or in-article gas-assist injection molding process will be used. With in- 
ninner and through-tfie-machine nozzle techniques, gate size must be large enough to 
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"F^re 103 Mobile file demonstrating structural capability of 
Moldu^ AltemaUyes. Avery, J. (199«)J O'hoto courtesy of Cinpres) 



gas-assist molding [From IrtfecUon 



mm^mmm 



Figure 1^4 Bus overiiead cargo door molded using muhi-nozzle gas-assist process [From Injecdan 
Molding Aliemadves, Aveiy, J. (1 998)J (Photo courtesy of Horizon Plastics, Ltd.) 

prevent gate fieeze-ofT before gas injection. This is particulariy kgwrtant for subgates or 
tunnel ^tes Aat typically are larger than fear their injection mcdSbg counter Also^ 
edge gates or fm gates should integrate a channel to provide a clear path for the gas into 
the cavity. 

With in-iunner or in-article gas injection systems, gas nozzle location is a critical tool 
design function. Because the nozzle must be included in the mold, cooling hne location or 
other mold functionality could be affected. An additional consideration for gas nozzle 
location is that it must be located so that polymer will cover it prior to gas introduction. 
Otherwise, the gas channel will not be developed. Cooling lines, part design, and filling 
pattern must be known when detemiining nozzle location. 

Hot manifold systems can be used with the in-article gas-assist process^ Depending on 
the gas nozzle location, a valve gate manifold systmi may be requiied. If die gas 
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penetrates back into the hot manifold system, it will push molten resin back into the 
machine barrel. This will result in inconsistent shot size and increased reject rates. 



1.11 Developments 

As is typical with emerging technologies, modifications and new approaches are 
developed. This has been true with gas-assist injection molding. On a global basts more 
than 50 companies are "suppliers** to uscts of this technology. Many of these suppliers are 
listed in the appendix. They range from primary technology suppliers and control systems 
suppliers to gas generation systems and component suppliers. 

External gas-assisted injection molding has hem available for several years, but it has 
yet to penetrate the market significantly. Battenfeld, Asahi, Incoe and Gas Injection 
Limited all offer this technology that is claimed to provide benefits for af^lications 
requiring highly aesthetic surface finishes and where conventional ribs (ht gas channels are 
not feasible. Limited applications such as Canon Corporations iax machine lower bousing 
(Fig. 1.25) employ this technology. 

External gas molding is different because the gas is injected directly into the core side 
of the mold, not into the material filUng the cavity (Fig. 1^6). The mold must be sealed at 
the parting line and in any ejector pin areas to prevent gas from escaping. The gas creates a 
layer or ••blanket*' across the entire sealed surface area or selected sealed areas of the 
molded part The gas pressure is held constant, to compensate for the volumetric shrinkage 
of material during cooling. When the material has cooled to die point when it is self- 
supporting, it must be vented, either fixlly or partially. Some remaining gas pressure may 
be retained for use in assisting part ejection fiom the mold. 

New variations continue to be developed. The latest variant being water-assist injection 
molding. This process is under developmoit by KV, the institute for Plastics Proces»ng» 




Figure \J& Fax machine lower housing 0>hoio courtesy of C^non Coip.) 
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Fignre 1:26 External gas moldiiig CECH^ 



Aachen, Gennany. In the IKV process, cold water is injected into the melt and stays in the 
Uquid phase. Water pressure of 20 bar (290psi) is required during injection to 150 bar 
(2176 psO during the holding phase. The water can be drained from the part while it is still 
in the mold, or it can be drained off after the part has been demolded (lOJ. 

This variation is similar to the HELGA process of Hettinga. In the HELGA process, a 
propnetaiy liquid is injected in die nozzle while the resin is being injected. The liquid is 
vaporized, and the resulting gas pressure forms the gas channel. When the part cools, the 
gas deactivates and remains dispCTsed. The liquid does not condense and it is unnecessary 
to drain it from the part. Initial thoughts are that the water-assist process is likely to 
compliment gas-assist injection molding. It is felt to be less suited to coring out flat parts, 
thin walls, and ribs bm is best suited to parts wifli large-diameter rodlike sections such as 
automotive ducts. Advantages are claimed to be smoother surfaces of the core walls that 
would be beneficial in the production of these parts. Two processors arc involved in the 
development of this technotogy with IKV. It is estimated that it could be in commercial 
production by 2002. 

IKV is also investigating the af^lication of gas-assist injection molding to address 
several issues related to powder injection molding [11]. The issues are: powder costs, 
which Mmit the attainable size of parts ecmomically feasible; the time required for 




F^re 1^7 Tnick side rear view minor (photo courtesy of Siegel-Robet^ hic.) 
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cooling, debinding, and sintering of thick wall parts; and tfie reduction of internal stress 
induced by flow effects during the holding phase. Initial investigations by IKV have shown 
the elimination of oriaitation due to constant pressures over the flow length of the 
material. As a result, parts with improved dimensional stability and lower molded-in stress 
and waipage are produced compared to compact powder injection molded parts. The cost- 
effectiveness is improved by reducing the amount of material required for a similar part, 
and because there is increased surface and less nuiterial, de-binding and sintering times are 
reduced. 

A test sample used by IKV (a complex tube) demonstrated a 34% reduction in material 
usage compared to a compact molded powder injection molded part, yet tfie stiffness was 
reduced by approximately 10%. The resulting hollow channel part yields a significantly 
increased flexural strength. Even though this investigation demonstrates that it is possible 
to apply gas injection molding to powder injection molding, the processability is strongly 
dependent on the thermal properties of the feedstock. These studies demonstrated Aat 
advanced process management is essential to produce powder injection molded parts of 
high quality. It can also offer some fundamental advantages for existing ^>plications as 
well as opening new opportunities for future uses. 

Efforts such as diese will continue as suppliers strive to gain proprietary positions and 
technology advantages. Some developments will provide value and gain commercial 
acc^tance^ whereas otiiers will be impractical to inq>lement or fail to provide cost- 
effective benefits. 



1«12 Future Directions 

Gas-assist injection molding is currently a niche process with a limited processor base. The 
widest acceptance of this technology has been by the automotive iiuiusbry. This is not 
une>q>ected because the need for productivity and cost and weight reduction drive the need 
for manufacturing innovation. 

Realization of the ^*promised'* benefits of gas-assist injection molding in programs 
properly designed and developed for this process produced a high degree of interest in 
"advanced" applications by automotive OEM's and Tier 1 suppliers. The best example to 
date is the Delphi Interior & Lighting Systems* door hardware module^disif^ussed earlier. 
Another example of future possibilities fx this technology is in Chrysler Corporation's 
Composite Ccmcept Vehicle, an inexpmave, five-seat passenger car with an all-plastic 
exterior; it is being assessed as a potential automobile manufacturing technique for 
developing coiuitries. The left and right inner and outer panels provide both structural 
support and decorative finish. The plastic door panels weigh about 15.9 kg (35 lb) and are 
produced in the developmoit phase using gas-assist and hot-runner molding with 
sequential valve gating. 

The next level of commercial development is to integrate gas-assist injection with 
other processes such as co-injection molding and overmolding in order to maximize its 
value. Figure 1.27, a truck side rearview minor, is produced using gas^assist injection 
molding to provide rigidity. It is co-injected witti an Aciylic styrene-acrylonitrile skin to 



28 Jl Avery 



provide the appearance and weatherability in a single molding operation. This eliminates 
assembling brackets into the base and painting, both of which are expensive and time- 
consuming <^ierations. 

Until recently the value of gas-assist injection molding has been questioned in tight 
tolerance, thin-walled applications. Successful applications in CD-ROM player trays and 
a press-fit layer plate component in a bussed electrical center for automotive electric 
systems illustrate the use of gas-assist injection molding to thin-walled components. 
Enhanced dimensional stability in terms of reduced molded-in stress that results in 
minimized warp is the primary benefit These applications are discussed further as case 
studies in Chapter 7. 

Wheie is the fiituie of gas-assist injection molding? Even though it has been 
demonstrated to be of significant value, its acceptance has been slowed by legal actions 
and fear of liti^on. For tfiis process to beccmie mainstream, progiess must be made in 
several areas. 

• The ^'knowledge gap** must be overcome. Designers must have confidence that their 
designs can be implemented, and that the value of the process wUl be realized. The 
developmmt cycle for components molded using gas-assist injection technology must 
be no longer than for a sta^idaid injection molding or stnictural foam component 

• RecQgm'tton that gas-assist injection is not a **fix-it" for existing problmis even 
though some design issues may be overcome 1^ creatively ai^lying tfiis tecfanology, 
material, and process. As with any piocess, a product must be optimally A^^jn^tiPA for 
material, design, and process. 

• Additional costs of using gas-assist injection must be understood and minimized. These 
costs (licensing, control systems, gas, nozzles) must be balanced in terms of the 
potffitial savings provided by this process. Potentia] savings include: material usage for 
a specific application, and reduction of the required press tonnage for a gas-assist 
injection molded part vs. the press tonnage for the part molded using standard injection 
molding. This may translate to equipment savings, energy savings, and reduced floor 
q>ace requirements. All of which may potential^ prove a reduction of investment and 
operating costs. 

• Fear of litigation must be eliminated. This is easily accomplished by taking a license 
from one of die technology stqiplios and 2ipp\ymg the technology in compliance with 
the license. 

Broader commercialization of gas-assist injection molding may occm via several paths, 
some of which might be: 

• The technology becomes widely understood and low cost to implement Most 
designers and molders become knowledgeable and use the technology. 

• A group of converters specialize in gas-assist injection molding, their e;q)ertise 
enables them to develop components quickly and cost-effectively, positioning them 
as suppliers of dioice for gas-assist injecti<m molded components. Tliis is the current 
situation. 

• Captive converters become the largest users of gas-assist injection molding. They have 
the large volume applications that enable Hnssm to amortize the added costs. 
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Will gas-assist injection molding technology grow or not grow? The challenge is to 
make it low cost and easy to use. If that state can be achieved, gas-assist injection molding 
will be widely used and become a major factor in the future of injection molding. 

References 

1. Friederich^E^GennanPateitf 2501314(1975) 

2. Olabisi, O.. United States. Patent 4»136^0 (1979) 

3. Beattie, IC, Paper presented at Society of Manunicturiiig Engineers, Automotive Plastics *94 Conference. 
Detroit, MI, October (1994) 

4. Huncrberg, £.« P^>er presented at SPI Structural Plastics Divisioa Gas Assist Injectkm Molding Seminar. 
Detroit. MI, November (1 996) 

5. Lynch, M.. P^jcr presented at SPI Structural Plastics Division Conference, Irvine, OA. April (1997) 

6. Smith, C. European Plastics News^ June 1993, p. 22 

7. Gennari, A^ Woods, J.T^ Zuber, PJ.. Paper piesented at SPI Structural Plastics Division Conference, 
Washington, DC, April (1994) 

8. Grelle, P^ DaUman, M^ Kerouac, Paper presented at SPI Structural Plastics Division Conference; 
Atlanta, GA. April (1996) 

9. Shah, S^Clar1c,C,Jfttbade,G^ Paper presented at SPI Structural Plastics Divism 
April (1996) 

la Maplestoii,P^MM&mi>lasl&y(1999Xpp- 28-29. 

II. Midiaeli Hbpmann, Modem Flasties (1999X pp. 116-119. 



Bibliography 

Barton, S., P^ presented at SPI Structmal Plastics Division Conference, Irvine, CA, April (1997) 

Betgoi, J.. Simpson, S^ Paper p rese n ted at SPI Structural Plastte Division Confer 

Betts, P^ presented at SPI Structural Plastics Divisicm Ccmference; Irvine, CA, April (1997) 

Bertacchi, G^ Bernhardt, A., Infection MMmg (1999, PP- 74-75 

Garopreso, M., Zuber, P., Plastics TechntUagy (1995), pp. 48-52 

De Gaspari, 3^ Plastics Techm^ogy (199^ pp. 44-^9 

Ecfcaidt, H., fai Innavotions in Polymer Pirocesstng, Stevenson, J.F. (Ed.) (1996) Hanser, Municfa, Chaqster 1 

Galli, E., Infection Molding (1994X pp. 35-39 

Galli, Infection Molding (1996X p. 77 

GE Plastics, Gas Assist Injection Molding Design Gtdde 

Gennari, A^ Woods, Zuber, P^ Plastics Design Forum (1994X pp- 21-25 

Moore, S., Modem Plastics (1994X pp. 52-56 

Tumg, L.S., In Innovations in Polymer Processing. Stevenson, J J. (Ed.) (1996) Han£it;^fiffi9sich, Chapter 2 
VanHoeck, Paper presented at SPI Stnictinal PlasUcs Division Conference, Irvine^ CA, April (1997) 



! 



/ 



'7 




r' 



